INTRODUCTION
Although color vision of the cat has been studied electrophysiologically2, 22, 26) as well as behaviorally, 6, 9, 11, 18) no positive evidence for color vision of this animal has been obtained, despite a series of work by Granit, 8) whereas they showed only a weak response to white light.
In the present experiment the spectral responses of cortical neurons to local illumination in the macaque monkey were investigated with a veiw to providing further information about the central mechanism for color vision in the primate .
METHODS
Six macaque monkeys; four crab-eating monkeys (Macaca cynomolgus irus) and two Japanese monkeys (Macaca fuscata yakui) weighing 2-3 .5 kg were used as experimental animals. Surgical procedures and experimental apparatuses were almost the same as those used in the previous experiment on the cat . 22) Cannulation of the trachea and craniotomy were carried out under anesthesia with thiamylal sodium which was given intravenously through polyethylene tub -ing inserted into the saphenous vein. Two trephine holes were made in the skull overlying the left occipital cortex; the larger hole, 16mM in diameter, was made over the medial calcarine sulcus, and the smaller one, 13mM in diameter, just laterally to the larger one over the area which, according to Talbot and Marshall, 29) should correspond to the retinal fovea. Each of the two holes was fitted with a hollow Lucite peg or implant. The hole of the peg had been filled with 6% agar gel made from the Ringer's solution. Thus, respiratory and circulatory pulsations of the brain could be avoided, and a translucent agar layer filling the implant allowed insertion of a microelectrode into the cortex under direct vision. By this method the recording from a single unit was possible for several hours. The recording from one unit was, however, stopped after about one hour of necessary observation to make an experiment on another unit. Radiation and cortical units were distinguished according to the criteria used in the previous experiments22, 26, 28) in the cat; radiation units were judged by their positive monophasic spikes (Fig. 1B) and spontaneous discharge rate (10- 30/sec) which was definitely higher than that of cortical neurons. Cortical units were recognized by their lower spontaneous firing rate (less than 10/sec) and their spike configuration which is considered to be specific for cell discharge , that is, positive-negative biphasic spikes with an inflection in the rising limb of the positive phase (Fig. lA) . In addition, radiation units generally responded well to even illumination and had larger receptive fields than cortical neurons . In contrast, cortical units generally failed in responding to even illumination, as was the case in the cat. 13, 22) The receptive field of most cortical neurons was found to be smaller than one degree of arc in diameter even in the dark-adapted state. However, some cortical neurons were found to have much larger receptive fields than those of most radiation units and responded well to even illumination.
While advancing a microelectrode perpendicularly to the pial surface, cortical units were first picked up and, then, radiation units were encountered deep in the visual area. The receptive fields of these successively picked up units were located en mass in a certain position in the visual field. On further advance ment of the microelectrode, cortical units were again recorded probably because of folding of the striate cortex in the monkey, but their receptive fields were now found to be located in a quite different position in the visual field. This finding seems to be in line with the anatomically established point to point projection of the visual field on the occipital cortex.23)
Spectral response behavior of cortical neurons
Radiation and cortical units were distinguished clearly on the basis of the above-mentioned criteria, but they showed little difference in their spectral response behavior.
De Valois and Jones4) distinguished two different varieties of geniculate cell responses which seemed to be related to color vision, i.e. the narrow-band "on" cells of the dorsal layers and the opponent "on"-or-"off" cells of the intermediate layers.
In the present experiment similar types of responses were distinguished on cortical as well as radiation units. The first type of unit gave always an "on" discharge to colored lights of the whole visible range of wavelengths as well as to a white light, and showed a definite dominant peak of re sponse discharge rate in a certain limited range of wavelengths (see Fig. 2 ). Such units are designated tentatively as "chromatic" type (C type). The limited number of successful experiments was not due to difficulty in securing good long-lasting contact of the microelectrode with the cortical neuron, but due to difficulty in maintaining the experimental animal in a uniform arousal state.
As has been described in the previous paper,28) the responsiveness of cortical neurons depends greatly on the arousal state of the animal.
The second "opponent" type or 0 type refers to such units which show "on" discharges in a certain region of wavelengths, but "off" discharges in another region, thus changing discharge type depending on the wavelengths. Such units responded to the white light with either "on", "off" or "on-off" discharges, depending upon the adaptation state, the size of the test stimulus, etc. An example is illustrated in Fig. 3 , in which the number of "on" impulses is plotted upward, and that of "off" impulses downward.
The response curves for "on"
and "off" discharges were constructed by the averages of two series of experiments.
As can be seen in the figure, the peak of the "on" curve lies at 640 mƒÊ, while that of the "off" curve at 480 mƒÊ. Thus there is complementary relation between the "on" and "off" discharges . Further examples are shown in Fig. 4A and B. In A the peak of the "on" curve is found at the blue-green part, and that of the "off"
curve at the orange part of the spectrum. The unit represented in Fig. 4B is of the same type as that in Fig. 3 , but there is some minor difference in that the "on" curve of Fig. 4B likely, because no such suppression was observed in the independent unit without any linkage (see Fig. 9 ). But some reservation should be made with such a con clusion, for the number of the independent units isolated so far is limited. An other example of similar relation is illustrated in Fig. 11 . This unit showed It seems that the activity of the unit B is suppressed, when the linked photopic unit is activated by strong illumination (see Figs. 10 and 11) . On the contrary, the unit A did not suffer suppression by raising the stimulus intensity to the maximal level available (see Fig. 9 ). The unit B may be linked with any type of photopic units, C, 0 or others such as those shown in Fig. 7 . The discharge type of the unit B is either pure "on" "on-off", or pure "off". 3. Some units responded to a certain limited region of the spectrum with "on" or "off"
, but to another with "off" or "on", thus changing discharge type depending on the wavelengths. These units were designated as "opponent" or 0 type units. 
